Energy Options for Water Desalination in UAE  by Mohsen, Mousa S. et al.
 Procedia Computer Science  83 ( 2016 )  894 – 901 
1877-0509 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Conference Program Chairs
doi: 10.1016/j.procs.2016.04.181 
ScienceDirect
Available online at www.sciencedirect.com
7KHWK,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH(QHUJ\,QIRUPDWLRQ7HFKQRORJ\
6(,7
(QHUJ\2SWLRQVIRU:DWHU'HVDOLQDWLRQLQ8$(
0RXVD60RKVHQDE%LODO$NDVKD$KPDG$EX$EGRD2PDU$NDVKE
aSchool of Engineering, American University of Ras Al Khaimah, Ras Al Khaimah, United Arab Emirates 
bRAK Research & Innovation Center, American University of Ras Al Khaimah, Ras Al Khaimah, United Arab Emirates  
$EVWUDFW
7KH DULGLW\ SRSXODWLRQ JURZWK DJULFXOWXUH DQG LQGXVWULDO DFWLYLWLHV WKUHDWHQ WKH ZDWHU UHVRXUFHV LQ WKH 8$( ,Q 8$(
JURXQGZDWHUTXDQWLW\LVUHGXFHGDQGLWVTXDOLW\LVDOVRGHWHULRUDWHGGXHWRWKHVFDQW\RIUDLQIDOODQGRYHUSXPSLQJIRUGLIIHUHQW
XVHV7KHGHILFLW RI JURXQGZDWHU LVPHW E\GHVDOLQDWHGZDWHU DQG UHXVHGRI WUHDWHGZDVWHZDWHU7R LPSURYH WKHFXUUHQWZDWHU
VLWXDWLRQDQDWLRQDOZDWHUUHVRXUFHVVWUDWHJ\KDVEHHQSUHSDUHGDQGLPSOHPHQWHGWRDVVLVWLQDFKLHYHWKLVWDUJHWDQGPDLQWDLQWKH
FRXQWU\¶VZDWHUVHFXULW\7KLVSDSHULQWHQGVWRJLYHDQRYHUYLHZRIQRQFRQYHQWLRQDOHQHUJ\WHFKQRORJLHVIRUZDWHUGHVDOLQDWLRQ
7KHVHLQFOXGHVRODUIRVVLOIXHODQGQXFOHDUWHFKQRORJLHV8VLQJVLPSOLILHGVFRUHPRGHODQDO\VLVRSWLRQVZHUHHYDOXDWHGIRUEHVW
ZDWHUXVHVFRQVLGHULQJZDWHUSURGXFWLYLW\DQGHQYLURQPHQWDOVXVWDLQDELOLW\FULWHULD,WZDVFRQFOXGHGWKDWVRODUWHFKQRORJLHVDUH
PRVWHIIHFWLYHIRUZDWHUGHVDOLQDWLRQLQ8$(+RZHYHURLOQDWXUDOJDVDQGQXFOHDUWHFKQRORJLHVKDYHORZOLNHOLKRRGWREHYLDEOH
LQWKHVKRUWWHUP
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH&RQIHUHQFH3URJUDP&KDLUV
Keywords:'HVDOLQDWLRQ6RODUHQHUJ\1XFOHDUHQHUJ\6LPSOLILHG6FRULQJ0RGHO8$(
,QWURGXFWLRQ
7KH VKRUWDJHV RI ZDWHU UHVRXUFHV LQ WKH 8$( EHFDPH D ELJ FRQFHUQ LQ DULG DQG VHPLDULG ]RQHV )HDUV DQG
DQ[LHWLHVDUHLQFUHDVLQJGXHWRKHDY\DEVWUDFWLRQVRIFRQYHQWLRQDOZDWHUUHVRXUFHVIRUPDLQO\DJULFXOWXUDODFWLYLWLHV
8$(LVORFDWHGZLWKLQWKHDULG]RQHWRWKHVRXWKHDVWHUQSDUWRI$UDELDQ3HQLQVXOD7KHDULG]RQHLVFKDUDFWHUL]HG
E\ORZDPRXQWRIUDLQIDOODQGKLJKUDWHRIHYDSRUDWLRQ,WVFOLPDWHDQGVFDUFHUDLQIDOOPDNHLWGLIILFXOWIRUWKH8$(
WR VXVWDLQ SRWDEOHZDWHU SURGXFWLRQ E\PHDQV RWKHU WKDQ GHVDOLQDWLQJ VHDZDWHU 7KLV LQYROYHV YDSRUL]LQJ DQG UH
OLTXHI\LQJVHDZDWHULQSODQWVSRZHUHGE\QDWXUDOJDVDQGOLTXHILHGQDWXUDOJDVDQGVRPHWLPHVGLHVHO

&RUUHVSRQGLQJDXWKRU7HO([WID[
(PDLODGGUHVVPRXVDPRKVHQ#DXUDNDFDH
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Conference Program Chairs
895 Mousa S. Mohsen et al. /  Procedia Computer Science  83 ( 2016 )  894 – 901 
$ERXW  SHUFHQW RI VXSSO\ LV VXSSRUWHG E\  GHVDOLQDWLRQ SODQWV0RUH WKDQ KDOI FRPHV IURP JURXQGZDWHU
VRXUFHVEXW WKHVHDUHPDLQO\XVHGIRU LUULJDWLRQDV MXVWSHUFHQWFDQEHFODVVLILHGDVGULQNDEOHGXH WRVDOWZDWHU
LQWUXVLRQDFFRUGLQJWRWKH8$(0LQLVWU\RI(QYLURQPHQWDQG:DWHU$URXQGSHUFHQWLVWUHDWHGZDVWHZDWHU

7KHPLQLVWU\SUHGLFWVWKDWDWFXUUHQWUDWHVWKH8$(¶VWRWDODQQXDOZDWHUGHPDQGZLOOGRXEOHWRELOOLRQFXELF
PHWHUVE\IURPELOOLRQFXELFPHWHUVLQ7KHJUHDWHVWLQFUHDVHZLOOEHLQXUEDQFHQWHUVLQKRXVHKROGV
WKH LQGXVWULDO DQG FRPPHUFLDO VHFWRUV DQG SXEOLF IDFLOLWLHV $FFRUGLQJ WR WKH8$(:DWHU &RQVHUYDWLRQ 6WUDWHJ\
GHVDOLQDWLRQDQGZDVWHZDWHUWUHDWPHQWZLOOKDYHWRLQFUHDVHWRVDWLVI\JURZLQJGHPDQGZLWKWKHVRFDOOHGUHFODLPHG
ZDWHUPDNLQJXSDIDUODUJHUVKDUHLQWKHIXWXUH([SHUWVVD\WKLVVKRXOGJRLQWDQGHPZLWKVWUDWHJLHVWRVDYHZDWHU
7KH8$(KDVWKHKLJKHVWSHUFDSLWDFRQVXPSWLRQUDWHLQWKHZRUOGDWDURXQGOLWHUVDGD\PRUHWKDQWKUHHWLPHV
WKDWRI(XURSH
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FRQVXPSWLRQLQWKHZRUOG7KH8$(SODQVWRERRVWGRPHVWLFQDWXUDOJDVSURGXFWLRQRYHUWKHQH[WVHYHUDO\HDUVWR
KHOSPHHWJURZLQJLQWHUQDOGHPDQG0XFKRIWKHJURZWKFRXOGFRPHIURPWKHFRXQWU\
VODUJHVRXUKLJKVXOIXUJDV
GHSRVLWV$OUHDG\DWRSJOREDOQDWXUDOJDVSURGXFHU WKH8$(KDVVHYHUDORQJRLQJSURMHFWVWKDWFRXOGERRVWWKH
FRXQWU\
VQDWXUDOJDVSURGXFWLRQ VLJQLILFDQWO\RYHU WKHQH[W VHYHUDO\HDUV7KH8QLWHG$UDE(PLUDWHVZDV WKH ILUVW
FRXQWU\LQWKH0LGGOH(DVWWRH[SRUWOLTXHILHGQDWXUDOJDV/1*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 ELOOLRQ
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DSSUR[LPDWHO\RIWKH8$(
VWRWDO7KHRWKHUVL[
(PLUDWHVFRPELQHGDFFRXQWIRUMXVWRIWKH8$(
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EDUUHOV7KH8$(KROGVDSSUR[LPDWHO\RIWKHZRUOGVSURYHGRLOUHVHUYHV
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7FI'HVSLWHLWVODUJHHQGRZPHQWWKH8$(EHFDPHDQHWLPSRUWHURIQDWXUDOJDVLQ7KLVSKHQRPHQRQLVD
SURGXFWRIWZRWKLQJVWKH8$(UHLQMHFWHGDSSUR[LPDWHO\RIJURVVQDWXUDOJDVSURGXFWLRQIURPWR
LQWRLWVRLOILHOGVDVDSDUWRI(25WHFKQLTXHVDQGWKHFRXQWU\LQHIILFLHQWDQGUDSLGO\H[SDQGLQJHOHFWULFLW\JULG
'HVSLWHKROGLQJVRPHRIWKHODUJHVWGHSRVLWVRIK\GURFDUERQVLQWKHZRUOGWKH8$(LVSODQQLQJWRGLYHUVLI\LWV
HQHUJ\PL[EH\RQGK\GURFDUERQEDVHGHOHFWULFLW\JHQHUDWLRQLQFOXGLQJQXFOHDUDQGUHQHZDEOHHQHUJ\WHFKQRORJLHV
,Q'HFHPEHUWKH8$(DZDUGHGDELOOLRQFRQWUDFWWRWKH.RUHD(OHFWULF3RZHU&RUSRUDWLRQ.(3&2WR
FRQVWUXFWIRXUQXFOHDUUHDFWRUVDQGLQ-XO\WKHOLFHQVHVZHUHDSSURYHGIRU.(3&2WREHJLQFRQVWUXFWLRQRQWKH
ILUVWWZRPHJDZDWWUHDFWRUV7KHILUVWUHDFWRULVVFKHGXOHGWRFRPHRQOLQHLQZLWKWKHRWKHUVH[SHFWHGWR
EHFRPSOHWHGE\8SRQFRPSOHWLRQRIWKHILUVWUHDFWRUWKH8$(ZLOOEHFRPHWKHVHFRQGFRXQWU\LQWKHUHJLRQ
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DIWHU,UDQWRKDYHDGRPHVWLFQXFOHDUSURJUDP7RDYRLGFRQFHUQVDERXWWKHLUXVHRIQXFOHDUWHFKQRORJLHVWKH8$(
VRXJKW²DQG UHFHLYHG²,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\ ,$($ DSSURYDO IRU LWV QXFOHDU SURMHFW DQG
FRPPLWWHGLWVHOIWRIRUJRLQJWKHGRPHVWLFHQULFKPHQWDQGUHSURFHVVLQJRIQXFOHDUIXHOE\VLJQLQJDODZWKDWEDQQHG
WKDWSUDFWLFHZLWKLQWKHFRXQWU\,QDGGLWLRQWKH8$(VLJQHGDQXFOHDUFRRSHUDWLRQDJUHHPHQWZLWKWKH8QLWHG6WDWHV
LQDQGLWLVDVLJQDWRU\RIWKH1XFOHDU1RQ3UROLIHUDWLRQ7UHDW\
7KH 8$( LV DOVR LQYHVWLQJ LQ UHQHZDEOH HQHUJ\ WHFKQRORJLHV PRVW QRWDEO\ WKURXJK WKH 0DVGDU LQLWLDWLYH
(VWDEOLVKHGLQ0DVGDULVDVXEVLGLDU\RI$EX'KDEL
VVWDWHRZQHG0XEDGDOD'HYHORSPHQW&RPSDQ\DQGLV
IRFXVHGRQEHLQJDOHDGHULQWKHGHYHORSPHQWRIUHQHZDEOHDQGVXVWDLQDEOHHQHUJ\WHFKQRORJLHV0DVGDU&LW\LVWKH
IODJVKLS SURMHFW RI WKH LQLWLDWLYH DQG DLPV WR EH WKHZRUOG
V ILUVW ]HURFDUERQ FLW\ ,W DOUHDG\ KRXVHV WKH0DVGDU
,QVWLWXWH²DMRLQWHIIRUWEHWZHHQWKH0DVVDFKXVHWWV,QVWLWXWHRI7HFKQRORJ\DQG0DVGDU²DQGSODQVDUHLQWKHZRUNV
WREULQJKXQGUHGVRIRWKHUKLJKWHFKQRORJ\DQGUHQHZDEOHHQHUJ\EXVLQHVVHVLQWRWKHFLW\RYHUWKHFRPLQJ\HDUV
0DVGDU DQQRXQFHG SODQV WR GHYHORS WKH 6LU %DQL <DV ZLQG IDUP²ZLWK D WDUJHW FDSDFLW\ RI  PHJDZDWWV
0:²DQGWKH6KDPVFRQFHQWUDWHGVRODUSRZHU&63SODQW0:FDSDFLW\RYHUWKHQH[WVHYHUDO\HDUVDQG
VKRXOGFRQWLQXHWRKHOSWKH8$(ILQGQHZZD\VWRGLYHUVLI\LWVHQHUJ\PL[7KLVSURJUHVVUHFHQWO\KHOSHGVSXUWKH
,QWHUQDWLRQDO 5HQHZDEOH (QHUJ\ $JHQF\ ,5(1$ WR HVWDEOLVK LWV KHDGTXDUWHUV LQ $EX 'KDEL 7KH 8$( LV
VXSSRUWLQJ WKHGHILFLW LQ FRQYHQWLRQDOZDWHU UHVRXUFHVZLWK WKHFRQYHQWLRQDOZDWHU UHVRXUFHVDQG LQSDUWLFXODU WKH
GHVDOLQDWLRQRIVHDZDWHUDQGEUDFNLVKZDWHU
'HVDOLQDWLRQLQ8$(
7KHGHVDOLQDWLRQ WHFKQRORJ\VWDUWHG LQ8$(LQZKHQ WKHILUVWSODQWZDVHVWDEOLVKHG LQ$EX'KDELZLWKD
FDSDFLW\ RI  JDOORQVGD\ 7KH HVWDEOLVKPHQW RI GHVDOLQDWLRQ SODQW VLQFH WKDW WLPH LQGLFDWHV WKDW WKH ZDWHU
VFDUFLW\LVDQROGSUREOHPDQGWKHVHYHULW\RIWKLVSUREOHPLVLQFUHDVLQJDQQXDOO\2YHUWKHWLPHWKHZDWHUGHPDQG
IRU GRPHVWLF DJULFXOWXUDO DQG LQGXVWULDO LV LQFUHDVLQJ VR QHZ GHVDOLQDWLRQ SODQWV DUH EHLQJ FRQVWUXFWHG LQ WKH
FRXQWU\$ WRWDORIGHVDOLQDWLRQSODQWVZHUHEXLOW LQ8$(E\ WKHHQGRI%HVLGH WKLV WKHUHZHUHPDLQ
GHVDOLQDWLRQVWDWLRQVEHORQJLQJWR)(:$DQGRSHUDWLQJLQWKHQRUWKHUQDQGHDVWHUQSDUWVRIWKHFRXQWU\$OVRWKHUH
ZHUHDQGPDLQGHVDOLQDWLRQVWDWLRQVLQ$EX'KDEL'XEDLDQG6KDUMDKUHVSHFWLYHO\,QDGGLWLRQWKHUHZHUH
SODQWVWRGHVDOLQDWHJURXQGZDWHULQ8PP$O4XZDLQ
7KH SURGXFWLRQ RI GHVDOLQDWHG ZDWHU LV LQFUHDVLQJ RYHU WKH WLPH WR SURYLGH VXIILFLHQW TXDQWLWLHV RI ZDWHU IRU
GLIIHUHQWDFWLYLWLHV6LQFHWKH8$(FRQWLQXHGWRGHSHQGRQJURXQGZDWHUDQGWUHDWHGZDWHUEHVLGHVGHVDOLQDWHG
ZDWHU WRPHHW WKH LQFUHDVHGGHPDQGRIZDWHU IRUGLIIHUHQW SXUSRVHV7KH WRWDO SURGXFWLRQRI GHVDOLQDWHGZDWHU LQ
8$(ZDVPLOOLRQJDOORQVLQDQGLWLQFUHDVHGWRPLOOLRQJDOORQVLQ7KHLQFUHDVHGRI
GHVDOLQDWHGZDWHUSURGXFWLRQREVHUYHGLQDOOHPLUDWHV7KHGHVDOLQDWLRQSURGXFWLRQLVKLJKHULQ$EX'KDELDQG'XEDL
GXHWRHFRQRPLFGHYHORSPHQWVLQERWKHPLUDWHVDQGUDSLGLPPLJUDQWVWR$EX'KDELDQG'XEDLVHHNLQJWKHSROLWLFDO
VWDELOLW\
7KH GHSHQGHQF\ RI GHVDOLQDWHG ZDWHU IRU DOO HPLUDWHV LV KLJKHU WKDQ JURXQGZDWHU DQG WKH SHUFHQWDJHV RI
GHSHQGHQFHDUHLQFUHDVHGVLJQLILFDQWO\GXHWRWKHVKRUWDJHVRIJURXQGZDWHU:DWHUSURGXFWLRQE\$':($LVPDLQO\
GHSHQGLQJRQGHVDOLQDWLRQDQGLWVGHSHQGHQF\LQFUHDVHGIURPLQWRLQ$OVRWKHZDWHU
SURGXFWLRQRI'(:$ LVPDLQO\GHVDOLQDWHGZDWHUZLWKGHSHQGHQFHSHUFHQWDJHRI LQFRPSDULQJZLWK
 LQ +RZHYHU WKH GHSHQGHQF\ RI GHVDOLQDWHGZDWHU RI 6(:$DQG)(:$ LQ ZDV DQG
 DQG LW LQFUHDVHG WR  DQG  LQ  UHVSHFWLYHO\ ,W LV REYLRXV WKDW WKH HDVWHUQ DQG QRUWKHUQ
HPLUDWHV RI WKH FRXQWU\ DUH GHSHQGLQJ LQ ERWK JURXQGZDWHU DQG GHVDOLQDWHGZDWHUZKHUHDV ERWK$EX'KDEL DQG
'XEDL(PLUDWHVPDLQO\UHO\RQGHVDOLQDWHGZDWHU7KHSURGXFWLRQRIJURXQGZDWHULQHDVWHUQDQGQRUWKHUQHPLUDWHVLV
UHODWLYHO\ KLJK GXH WR WKH FORVHQHVV IURP UHFKDUJH DUHD EXW WKH GHSHQGHQF\ LQ JURXQGZDWHU LQ WKRVH DUHDV ZLOO
GHFUHDVHZLWK WKH WLPH DQG GHSHQG RQ GHVDOLQDWHGZDWHUZLOO LQFUHDVH WR FRYHU WKH GHILFLW RQ JURXQGZDWHU DV WKH
SRSXODWLRQRIWKHFRXQWU\LVLQFUHDVLQJUDSLGO\
7KH8$(LVSODQQLQJDPGD\SODQWDW5DV$O.DLPDK6HPEFRUSLVH[SDQGLQJWKH)XMDLUDK
PGD\52SODQWWREULQJLWV8$(FDSDFLW\WRPGD\RIZKLFKLV52DQGPGD\LV06)
$OVRWKH6KXZHLKDW6,33DQGVHDZDWHUGLHVHOSODQWDW$O5XZDLVVWDUWHGIXOORSHUDWLRQLQDQGSURYLGHV
0:HDQGPGD\E\06)7KH)XMDLUDKSODQW LV K\EULG6:520('DQGSURGXFHVPG7KH
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7DZHHODK$ FRJHQHUDWLRQ SODQW SURGXFHV 0:H DQG PGD\ DQG8PP$O 1DU SURGXFHV 
PGD\7KHPGD\$O=DZUDVHDZDWHUGHVDOSODQWLVWREHEXLOWDW$MPDQ
,Q'XEDL WKH-HEHO$OL0FRJHQHUDWLRQSODQWRSHQHG LQZLWK[0:HJDV WXUELQHVDQG06)XQLWV
SURYLGLQJ  PGD\ (DUOLHU 'XEDL LQYLWHG ELGV IRU FRQVWUXFWLQJ D  PGD\  */\U VHDZDWHU
GHVDOLQDWLRQSODQWDVSDUWRILWV+DVV\DQLQGHSHQGHQWSRZHUSURMHFWEXWWKHQDQQRXQFHGLWVGHIHUUDO
5HQHZDEOH HQHUJ\ VRXUFHV DUH DEOH WREHXVHG IRUGHVDOLQDWLRQPRUH UHDGLO\ WKDQ IRUPRVW HOHFWULFLW\ VXSSO\
VLQFHWKHSURGXFWFDQEHVWRUHGRQDQ\VFDOHXQOLNHHOHFWULFLW\$OVRHOHFWULFLW\FDQEHERUURZHGIURPWKHJULGDQG
UHSDLGZKHQWKHZLQGLVEORZLQJRUWKHVXQVKLQLQJ$*/\U52SODQWDW3HUWK:HVWHUQ$XVWUDOLDLVSRZHUHGE\
HOHFWULFLW\RVWHQVLEO\IURPDZLQGIDUP$QHZ*/\U52SODQWLVSRZHUHGE\0:HRIGHGLFDWHGUHQHZDEOH
HQHUJ\0:HVRODU390:HZLQG
5HVXOWVDQG'LVFXVVLRQ
,QWKLVSDSHUZHDVVLVWGHFLVLRQPDNHUVWRHYDOXDWHWKHXVHRIFRQYHQWLRQDODQGQRQFRQYHQWLRQDOHQHUJ\VRXUFHV
IRUZDWHUGHVDOLQDWLRQLQ8$(7KHHYDOXDWLRQZLOOEHEDVHGRQWKH6LPSOLILHG6FRULQJ0RGHOQRQILQDQFLDOPRGHO
)RXU W\SHVRI HQHUJ\ VRXUFHVKDYHEHHQ VHOHFWHG WREH HYDOXDWHGZKLFKDUH VRODU RLO QDWXUDO JDV DQGQXFOHDU
HQHUJ\7KHUHDUHWZRGLIIHUHQWSHUIRUPDQFHDVSHFWVKDYHEHHQGHFLGHGWREHDQDO\]HG&RVWSHUIRUPDQFHDQGEHQHILW
SHUIRUPDQFH,QHDFKDVSHFWWKHUHDUHVRPHFULWHULDOLVWHGWREHXVHGDVFRPSDULVRQFULWHULDDPRQJYDULRXVVHOHFWHG
HQHUJ\VRXUFHV
7KH ILQDQFLDOHYDOXDWLRQRIQRQFRQYHQWLRQDOHQHUJ\VRXUFHV IRUZDWHUGHVDOLQDWLRQV\VWHPV LVFRQGXFWHGXVLQJ
RQHRIWKHPRVWNQRZQFRQYHQWLRQDOPHWKRGVVXFKDV1HW3UHVHQW9DOXH139RU,QWHUQDO5DWHRI5HWXUQ,55
7KHVRFLRHFRQRPLFHYDOXDWLRQPDNHVDVVHVVPHQWVWRDOOJDLQVEHQHILWVDQGDOOORVVHVFRVWVRIQRQFRQYHQWLRQDO
HQHUJ\VRXUFHV IRUZDWHUGHVDOLQDWLRQV\VWHPVZKLFK LQFOXGH WKHILQDQFLDO VRFLDOFXOWXUDODQGHFRORJLFDO LPSDFWV
7KHPRVWZLGHO\XVHGPHWKRG LQVRFLRHFRQRPLFDQDO\VLV LV WKHFRVWEHQHILWDQDO\VLV$OWKRXJKWKHDVVHVVPHQWRI
VRFLRHFRQRPLF EHQHILWV DQG FRVWV GHSHQGV ILUVW RI DOO RQ WKH GDWD SURYLGHG E\ WKH FDVK IORZ VKHHWV LW LV
VXSSOHPHQWHGE\VRFLRHFRQRPLFLPSDFWVIURPWKHILHOGRIZHOIDUHHFRQRPLFV1RQILQDQFLDOHYDOXDWLRQRIGLIIHUHQW
HQHUJ\DQGZDWHUV\VWHPVKDVEHHQXVHGE\PDQ\DXWKRUV
4.1. Simplified Scoring Model 
,Q WKHVLPSOLILHGVFRULQJPRGHOHDFKFULWHULRQ LV UDQNHGDFFRUGLQJ WR LWV UHODWLYH LPSRUWDQFH2XUFKRLFHRIDQ
RSWLRQZLOO UHIOHFW RXUGHVLUH WRPD[LPL]H WKH LPSDFWRI D FHUWDLQ FULWHULRQRQRXUGHFLVLRQ ,QRUGHU WR VFRUHRXU
VLPSOLILHG FKHFNOLVWZH DVVLJQ D VSHFLILFZHLJKW WR HDFK RI RXU ILYH DQG VHYHQ FULWHULD7KXV WKH VLPSOH VFRULQJ
PRGHOFRQVLVWVRIWKHIROORZLQJVWHSV
x$VVLJQLPSRUWDQFHZHLJKWWRHDFKFULWHULRQ
x$VVLJQVFRUHYDOXHVWRHDFKFULWHULRQLQWHUPVRILWVUDWLQJ+LJK 0HGLXP /RZ 
x0XOWLSO\LPSRUWDQFHZHLJKWE\VFRUHVWRDUULYHDWDZHLJKWHGVFRUHIRUHDFKFULWHULRQ
x$GGWKHZHLJKWHGVFRUHWRDUULYHDWDQRYHUDOORSWLRQVFRUH
,QHYDOXDWLQJWKHRSWLRQRIHQHUJ\WHFKQRORJ\WREHXVHGIRUZDWHUGHVDOLQDWLRQLQ8$(WKHEHQHILWDQGFRVWZHUH
DQDO\]HGVHSDUDWHO\WKHRYHUDOOREMHFWLYHIRUERWKLVWRVHOHFWDQRSWLPXPHQHUJ\WHFKQRORJ\IRUZDWHUGHVDOLQDWLRQ
LQ 8$( 7KH FRVW FULWHULD LQFOXGH WKH FRVW RI IXHO KDUGZDUH FRVW PDLQWHQDQFH FRVW DX[LOLDU\ V\VWHP FRVW DQG
HQYLURQPHQWDO FRQVWUDLQWV ZKLOH WKH EHQHILWV FULWHULD DUH HIILFLHQF\ UHOLDELOLW\ DYDLODELOLW\ RI IXHO QDWLRQDO
HFRQRP\VRFLDOEHQHILWVV\VWHPVDIHW\DQGHFRQRPLFDOLQWHUHVW
7KXV WKHPHDVXUHPHQWRISRWHQWLDO EHQHILWV IURPDSDUWLFXODU HQHUJ\ WHFKQRORJ\RSWLRQ H[FHHGV LQ VFRSH WKH
ILQDQFLDO UHWXUQRQ WKDWRSWLRQ DQG HQFRPSDVVHV LWV FRQWULEXWLRQ WR WKHRYHUDOOEHQHILW RI WKHQDWLRQ7KHVH VRFLR
HFRQRPLFJDLQVDUHUHSUHVHQWHGE\WKHFULWHULDRIWKHQDWLRQDOHFRQRP\HFRQRPLFDOLQWHUHVWDQGVRFLDOEHQHILWV
$OOLWHPVLQWKHFRVWFULWHULDFDQEHUHODWHGLQWHUPVRIFRVWRUPRQH\YDOXHDSDUWIURPRQHLWHPZKLFKLVYHU\
GLIILFXOW WRTXDQWLI\ LQ WHUPVRIPRQH\QDPHO\HQYLURQPHQWDOFRQVWUDLQWVZKLFKPHDVXUHV WKHHIIHFWRIXVLQJDQ
HQHUJ\WHFKQRORJ\RSWLRQIRUZDWHUGHVDOLQDWLRQRQWKHHQYLURQPHQWGLUHFWO\RULQGLUHFWO\
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4.2. Cost Performance Matrix 
$VVXPLQJWKDWHYDOXDWLRQVRIKLJKUHFHLYHDVFRUHRIhighmediumDQG low 

$VVHVVPHQW&ULWHULD
 &RVWRIIXHO
 +DUGZDUHFRVW
 0DLQWHQDQFHFRVW
 $X[LOLDU\FRVW
 (QYLURQPHQWDOFRQVWUDLQWV
,PSRUWDQFH:HLJKW





7DEOH&RVW3HUIRUPDQFH0DWUL[
6RXUFHRI(QHUJ\ &ULWHULD $
,PSRUWDQFH
:HLJKW
%
6FRUH
$[%
:HLJKW6FRUH
 &RVWRI)XHO   
 +DUGZDUH&RVW   
6RODU'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
 &RVWRI)XHO   
 +DUGZDUH&RVW   
2LO'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
 &RVWRI)XHO   
 +DUGZDUH&RVW   
1DWXUDO*DV'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
 &RVWRI)XHO   
 +DUGZDUH&RVW   
1XFOHDU'HVDOLQDWLRQ 0DLQWHQDQFH&RVW   
 $X[LOLDU\6\VWHP   
 (QYLURQPHQWDO&RQVWUDLQWV   
   7RWDO6FRUH 
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4.3. Benefit Performance Matrix 
$VVXPLQJWKDWHYDOXDWLRQVRIKLJKUHFHLYHDVFRUHRIhighmediumDQG low 

$VVHVVPHQW&ULWHULD
 6\VWHP(IILFLHQF\
 6\VWHP5HOLDELOLW\
 $YDLODELOLW\RI)XHO
 1DWLRQDO(FRQRP\
 6RFLDO%HQHILWV
 6\VWHP6DIHW\
 (FRQRPLFDO,QWHUHVW
,PSRUWDQFH:HLJKW







7DEOH%HQHILW3HUIRUPDQFH0DWUL[
6RXUFHRI(QHUJ\ &ULWHULD $
,PSRUWDQFH
:HLJKW
%
6FRUH
$[%
:HLJKW6FRUH
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
6RODU'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
2LO'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
1DWXUDO*DV'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
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 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 
 6\VWHP(IILFLHQF\   
 6\VWHP5HOLDELOLW\   
 $YDLODELOLW\RI)XHO   
1XFOHDU'HVDOLQDWLRQ 1DWLRQDO(FRQRP\   
 6RFLDO%HQHILWV   
 6\VWHP6DIHW\   
 (FRQRPLFDO,QWHUHVW   
   7RWDO6FRUH 

$FFRUGLQJWRWKHFRVWHYDOXDWLRQVFRUHPRGHOVRODUGHVDOLQDWLRQLVWKHEHVWRSWLRQDQGWKHZRUVWRQHLVWKHQXFOHDU
GHVDOLQDWLRQ2Q WKHRWKHUKDQG DFFRUGLQJ WR WKHEHQHILW HYDOXDWLRQQXFOHDUGHVDOLQDWLRQ LV WKHEHVW RSWLRQZKLOH
XVLQJRLODVDVRXUFHRIHQHUJ\IRUGHVDOLQDWLRQLVWKHZRUVWRSWLRQWKHORZHVWEHQHILWVFRUH
&RQFOXVLRQ
)UHVK ZDWHU LV D PDMRU SULRULW\ LQ VXVWDLQDEOH GHYHORSPHQW :KHUH LW FDQQRW EH REWDLQHG IURP VWUHDPV DQG
DTXLIHUVGHVDOLQDWLRQRIVHDZDWHURUPLQHUDOL]HGJURXQGZDWHULVUHTXLUHG$Q,$($VWXG\LQVKRZHGWKDW
ELOOLRQSHRSOHOLYHLQZDWHUVWUHVVHGDUHDVELOOLRQRIWKHPKDYLQJDFFHVVWROHVVWKDQPRISRWDEOHZDWHU
SHU\HDU:LWKSRSXODWLRQJURZWKWKHVHILJXUHVZLOOLQFUHDVHVXEVWDQWLDOO\)XUWKHUGHPDQGLQWKHORQJHUWHUPZLOO
FRPHIURPWKHQHHGWRPDNHK\GURJHQIURPZDWHU
:DWHUFRQVXPSWLRQLQWKH8$(DQGRWKHUUHJLRQDOFRXQWULHVLVDPRQJWKHKLJKHVWLQWKHZRUOGEHFDXVHRIWKHKRW
ZHDWKHUDUDSLGULVHLQWKHSRSXODWLRQZDVWHKDELWVDQGRWKHUIDFWRUV6RZHVKRXOGUHFRYHUWKLVVKRUWDJHE\WKLQNLQJ
RI VHD ZDWHU GHVDOLQDWLRQ SODQWV DQG VHOHFW WKH EHVW VRXUFH RI HQHUJ\ LQ RSHUDWLQJ WKHPWR -RUGDQ
V VHYHUH ZDWHU
VFDUFLW\LWPXVW
%DVHGRQWKHDQDO\VLVZHFDQFRQFOXGHWKDWXVHRIVRODUHQHUJ\LQGHVDOLQDWLRQLVWKHEHVWRSWLRQ2LODQG1DWXUDO
JDVLVVRPHZKDWIHDVLEOHDWFXUUHQWWLPH2QWKHRWKHUKDQGQXFOHDUHQHUJ\LVWREHFRQVLGHUHGIRUWKHORQJWHUPLQ
8$( )XUWKHU UHVHDUFK DQG VWXGLHV LQ WKLV DUHD DUH QHHGHG WR HQVXUH WHFKQLFDO DQG HFRQRPLF IHDVLELOLW\ RI HDFK
WHFKQRORJ\
$FNQRZOHGJHPHQWV
7KHILQDQFLDOVXSSRUWSURYLGHGE\WKH$PHULFDQ8QLYHUVLW\RI5DV$O.KDLPDKLVDFNQRZOHGJHG
5HIHUHQFHV
 :DWHU'HVDOLQDWLRQ5HSRUW
 .D]LP0$VVHVVPHQWVRISULPDU\HQHUJ\FRQVXPSWLRQDQGLWVHQYLURQPHQWDOFRQVHTXHQFHVLQWKH8QLWHG$UDE(PLUDWHVRenew Sust Energ 
Rev 
 0DVGDU,QVWLWXWHDQG,5(1$5HSRUW5HQHZDEOHHQHUJ\SURVSHFW8$($SULO
 -DEHU-$O6DUNKL$$NDVK%0RKVHQ00HGLXPUDQJHSODQQLQJHFRQRPLFVRIIXWXUHHOHFWULFDOSRZHUJHQHUDWLRQRSWLRQVEnerg Policy

 0RKVHQ0$-D\\RXVL2%UDFNLVKZDWHUGHVDOLQDWLRQDQDOWHUQDWLYHIRUZDWHUVXSSO\HQKDQFHPHQWLQ-RUGDQDesalination 

 0DPORRN5$NDVK%0RKVHQ0$QHXURIX]]\SURJUDPDSSURDFKIRUHYDOXDWLQJHOHFWULFSRZHUJHQHUDWLRQV\VWHPVEnerg

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 %$NDVK50DPORRN0 0RKVHQ´0XOWLFULWHULDVHOHFWLRQRIHOHFWULFSRZHUSODQWVXVLQJDQDO\WLFDOKLHUDUFK\SURFHVVElectr Pow Syst 
Res
 $NDVK % $,-D\\RXVL 2 0RKVHQ0 0XOWLFULWHULD DQDO\VLV RI QRQFRQYHQWLRQDO HQHUJ\ WHFKQRORJLHV IRU ZDWHU GHVDOLQDWLRQ LQ -RUGDQ
Desalination
 -DEHU-0RKVHQ0(YDOXDWLRQRIQRQFRQYHQWLRQDOZDWHUUHVRXUFHVVXSSO\LQ-RUGDQDesalination
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